Epidermal mitotic activity during wound healing was estimated both in the adrenalecto mized, head-irradiated mice and in the adrenalectomized, non-irradiated mice, and was com pared with those obtained previously from the unoperated, head-irradiated mice. It was found that head-irradiation caused a mitotic depression to a much smaller extent in the adrenalec tomized mice than it did in the unoperated mice, though adrenalectomy itself had exerted a great inhibitory effect upon the mitosis induced by an injury. Whether this abscopal effect of head-irradiation upon the mitotic activity was mediated via the adrenals, and whether in the adrenalectomized mice the head-irradiation acted to increase epidermal response to injury, making the mitotic pattern of adrenalectomized mice to come near that of control mice were discussed.
INTRODUCTION
Abscopal effects of irradiation were recognized early in the history of radiation biology. Several different mechanisms of action may be responsible for abscopal effect.
It is known that mitotic activity during regeneration of kidney was affected con siderably by abscopal means of irradiation."
In a previous paper it was shown that injury-induced epidermal mitosis was markedly inhibited by local effect of irradiation and mitosis also could be inhibited diversely by abscopal means."
From the com parison of the mitotic pattern between differently irradiated groups it was suggested that pituitary-adrenal axis might have a role in the occurrence of abscopal effects of head-irradiation.
The present study was designed to know whether the effect of the head-irradia tion on mitotic activity caused by an injury was mediated via the adrenal or not, because the head-irradiation was found to cause especially a marked depression in the epidermal mitotic activity during wound healing in the mouse whose adrenals were intact.
MATERIALS AND METHODS
Female ICR mice were used at about 7 weeks of age (the resting stage in hair cycle). They were given water (before operation) or 0.1% NaCI solution (after op eration) and fed ad libitum on a commercial diet and maintained at 22°C on a light (6 am to 8 pm)-dark (8 pm to 6 am) cycle. Animals were bilaterally adrenalectomized through lumber incisions at about 6 weeks of age and 3 days after the operation some of them were irradiated with 500 R on the head region under sodium nembutal anesthesia, the other parts of the body being shielded with lead sheets 8 mm thick. X-rays were generated at 180 kvp and 25 ma with a 0.5 mm Cu-0.5 mm Al filter, and the dose rate in air was 50 R per min. Three days after the head-irradiation, i.e., 6 days after the operation, vertical cuts about 5 mm long were made with a fine blade through the skin. In all cases, the wounds were made as closely as possible at the same sites on the body, since it was found that there was a regional difference in mitotic activity induced by the injury."
The operation, irradiation and wounding were performed between 1 pm and 3 pm every time in order to minimize the possible effects of diurnal variation on mitotic activity.
Four hours before sacrifice, each mouse was injected intraperitone ally with colchicine.
An appropriate dose of colchicine for the control and irradiated mice was same and determined to be 5 pg per g body weight in a previous paper." It was found, however, that this dose was slightly toxic to the adrenalectomized mice and the dose was reduced to 4 ,ug per g body weight.
The skin, flattened on filter paper, was fixed in Bouin's alcoholic fluid. Sections 6,u thick were cut rectangularly across the wound and approximately perpendicular to the surface of the skin. About fifty sections of 6 p thickness taken from near the midpoint of the wound were mounted on glass slides and stained with haema toxylin and eosin. Mitoses were counted in alternate sections to avoid the possibility of recording the same mitosis twice.
The number of metaphase cells present in epidermis within 1 mm on either side of a cut were counted in alternate twenty sec tions, because preliminary study in both adrenalectomized and adrenalectomized, head-irradiated groups confirmed this limited occurrence of mitosis. An average figure was obtained from each wound and then the total average and standard error was calculated for the experimental group of wounds.
Mitotic activity was expressed as an average number of mitoses per mm of epidermis ± standard error. Con sequently, sections of about twice that number were counted for each determination. Sections from ulcerous wounds were discarded.
RESULTS
Sequential changes in mitoses due to injury in the adrenalectomized, head-irradiated and in the adrenalectomized, non-irradiated mice.
Mitoses induced by injury were followed sequentially at 2 or 4 hours intervals from 22 hours up to 40 hours after wounding in the adrenalectomized, head-irradiated (AX-E) and in the adrenalectomized, non-irradiated mice (AX). The results are shown in Figs. 1 and 2. For comparison mitotic curves of the unoperated, non-irradiated control (A) and of the head-irradiated mice (E), and those of A and AX-E also are shown in the Fig. 1 and Fig. 2 , respectively.
The data A and E were taken from a previous paper.2' Mitotic activity in group E was depressed markedly during the entire course studied, although its pattern closely paralleled that of A, as reported already in the previous paper. Whereas mitotic activity in group AX-E seemed to be depressed a much lesser extent, its pattern closely paralleled that of A (Fig. 1) . The first mitotic peak in AX-E occurred at the same time as that in group A, i.e., 28 hours after the injury.
It took place 26 hours after the injury in group E. Statistical test (t-test) revealed that the differences of mitotic values between groups A and E were highly significant (p=0.01) at 24, 28, 30 and 32 hours after wounding and the difference was also significant (p=0.05) at 40 hours.
Those between groups A and AX-E were sig nificant at 24 (p=0.01) and 26 (p=0.05) hours after wounding.
Between groups AX-E and E, the differences were highly significant (p=0.01) both at 28 and 32 hours after wounding.
In group AX, it is clear from Fig. 2 that the epidermal response to the injury was markedly depressed, but the time-sequential pattern of the mitosis after wound ing differed from that in group A. The reason for such difference of the mitotic pattern between group A and group AX will be discussed later. However, even in the adrenalectomized mice, if the mice were subjected to the head-irradiation (group AX-E), the time-sequential pattern of the mitosis as well as the mitotic activity verged on those in the non-irradiated, adrenal-intact control mice (group A). The differences of mitotic values between group AX-E and AX were highly significant (p=0.01) at 28 and 40 hours after wounding.
These results were rather unexpected, but some explanations for them will be given in Discussion.
DISCUSSION
In the present experiment it was shown that the effect of the head-irradiation on the mitotic activity during wound healing in the adrenalectomized mice was much smaller than that in the unoperated mice. If the adrenalectomy itself had not altered profoundly the epidermal response to injury, this result would have strongly supported a view that the abscopal effect of the head-irradiation upon the mitotic activity was mediated via the adrenals. The facts that adrenal cortical steroids can exert an in hibitory effect upon mitosis') and can cause marked alteration in plasma levels after the head-irradiation; ' would be in favor of such a view. However , the adrenalectomy itself had exerted a profound inhibitory effect upon the injury-induced mitosis (group AX). Therefore, the present study could not make it clear whether this abscopal effect of the head-irradiation upon the mitotic activity was mediated via the adrenals or not.
In searching for the causal factors as partial starvation should not be overlooked. Damage to the thymus after abdominal irradiation has long been cited as a classic example of an abscopal effect, mediated via the adrenals.') Recent careful studies have, however, cast doubt on these conclusions, and suggest that partial starvation , rather than mechanisms involving the adrenal glands, is responsible for the abscopal effect on the thymus weight and DNA content measured 48 hours after irradiation. Adrenalectomy had no significant influence on this abscopal effect.''" And so, there may be a possibility that partial starvation due to the head-irradiation had some role in decreasing mitotic activity during wound healing.
Is it possible , however, to ex plain by partial starvation a great difference of mitotic patterns between the head irradiated group and the skin-shielded group in which the head and the other parts of the body except the flapped skin were irradiated') ? Furthermore , can the differ ence of the mitotic patterns between the groups AX-E and AX in the present study be explained also by partial starvation?
Did the starvation increase the mitotic activity?
Further studies on the role of partial starvation due to the head-irradiation will be needed in relation to its effect on mitosis during wound healing .
One of the possible explanations for the difference of mitotic patterns between the groups AX and AX-E is that in the adrenalectomized mice some unknown sys temic factor(s) (which are never produced in the unoperated control mice) are pro duced after the head-irradiation, acting promotively on mitosis caused by injury. At present time there is no supporting evidence for this explanation. Another explanation is that plasma corticosterone level may have some role in regulating the mitotic activity due to injury. The present study indicated that the existence of the adrenals is inevitable for maintaining the epidermal response to the injury normally and this implies that normal level of the plasma corticosterone may be necessary for the epidermis to respond normally to the injury. Preliminary estimation of the content of the plasma corticosterone using the fluorescence method of Silber et al. (1958) as modified by Moncloa et al.') showed that in the control mice (A) it was 46.5±5.0 (mean-standard error) ag per 100 ml plasma and, in the groups AX and AX-E it was 58% and 94% of the control value, respectively, between 24 and 32 hours after injury.
Hence comes a view that the mitotic activity during wound healing was higher in the group AX-E having nearly the same level of corticosterone in the plasma as that in the control group (A) than the mitotic activity in the group AX having lower level of corticosterone concentration.
Then the question arises why the head-irradiation resulted in an increase in the plasma corticosterone level in the adrenalectomized mice. It should be recalled that supernumerary adrenal tissue is often present in rodents, and it is stimulated by the ACTH after irradiation. This may fit the present case and explain a rather high level of corticosterone after bilateral adrenalectomy in the group AX and the increased level of corticosterone in the group AX-E under these experimental conditions. In parallel experiments, that the head-irradiation stimulates the adrenals was demonstrated by the use of meto pirone which, blocking 11 13-hydroxylase, inhibits the production of corticosterone. The inhibitory effect of the head-irradiation on mitotic activity in the group E was partly reduced when the metopirone was given between the head-irradiation and the injury (unpublished data).
Details will be published later. One more point to be discussed is related with the effect of adrenalectomy on mitosis.
It has been reported that either hypophysectomy10' or adrenalectomy"' cause a rise of the mitotic rate in the uninjured epidermis, whereas it was reported that in hypophysectomized mice, the epidermal mitosis caused by the injury was greatly reduced during the course of wound healing.
The injections of the growth hormone and the ACTH were demonstrated to be effective in recovering the depressed mitotic activity in such animals."'
In the present study, it was shown that the adrenalectomy itself caused a mitotic depression as well as an alteration of the time-sequential pat tern of the mitosis in the injured epidermis (group AX). One of the possible hypothe sis to explain these results is, therefore, that the epidermal cells respond to the subtle changes of the plasma corticosterone levels, but there must be the different optimal concentrations of the plasma corticosterone to cause the epidermal mitosis in either normal or injured skin, and that the head-irradiation stimulates the ACTH-secretion from the hypophysis and then indirectly stimulates the adrenal glands and the super numerary adrenal tissue. If the adrenal gland are intact, a large amount of adrenal hormones may be secreted into the plasma, and inhibit the epidermal mitosis (group E), though in the absence of the adrenal glands, the head-irradiation (group AX-E) makes the supernumerary adrenal tissue secrete the corticosterone in a similar extent to that in the normal intact animals (group A).
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